Objective: The aim of our study is to discuss our experience with foreign body aspirations in our Interventional Pulmonology Unit.
INTRODUCTION
Foreign body aspiration in the airway is a life-threatening medical emergency and requires early intervention. Although often seen in childhood, it can be seen in adults leading to different symptoms depending on the place where the foreign body is settled in the airway. When foreign bodies obstruct the main airway, it causes asphyxia with acute respiratory failure, whereas in more distal airway obstruction, symptoms such as coughing, shortness of breath, and hemoptysis may be experienced (1, 2) . In cases where aspiration is not overt and with a delay in diagnosis, postobstructive pneumonia, atelectasis, bronchiectasis, and granulation tissue formation can be observed (3, 4) .
Today, the use of bronchoscopic techniques for the removal of foreign bodies is the basic method. Bronchoscopy was used for the first time in 1897 with a rigid bronchoscope for the removal of foreign bodies from the trachea, and since then, rigid bronchoscopic techniques have been in progress and have been widely used for this purpose. Later, with the introduction and spread of flexible bronchoscopy, flexible bronchoscopy has also been used in the removal of foreign bodies (5) . Today rigid bronchoscopy is still used in the treatment of foreign body aspiration, especially as the main treatment in children, and maintains its importance. However, since it requires experience, general anesthesia, and many different types of equipment, today, rigid bronchoscopy is mostly used by thoracic and pediatric surgeons.
The aim of this retrospective study is to discuss our experience with foreign body aspiration in adult patients who received treatment in our Interventional Pulmonology Unit.
METHODS
In our study, patients who were referred to our Interventional Pulmonology Unit between January 2008 and November 2014 because of foreign body aspiration and who underwent a surgery and thus had conclusive foreign body aspiration were included. Data were retrospectively obtained by examining the patient's file.
Before flexible bronchoscopy was performed in the bronchoscopy unit, lidocaine (max 8 mg/kg) as a topical anesthetic and if needed, intravenous midazolam (0.05 mg/kg) for conscious sedation were administered. All patients underwent endoscopy with the oral approach.
Before rigid bronchoscopy, following pre-anesthesia consultation and necessary tests, in the operating room, rigid bronchoscopy (Karl Storz Instruments, Germany) under intravenous anesthesia was performed. If required, distal airways were evaluated with flexible bronchoscopy (Olympus BF 1T150, Tokyo, Japan) through rigid bronchoscopy. Foreign objects detected in the bronchoscopic examination were removed using alligator forceps, grasping forceps, biopsy forceps, and basket forceps. When the foreign body-induced granulation tissue was detected, cryotherapy (ERBE, Tubingen, Germany) was used. Informed consent was obtained from all patients before the procedure.
Of patient data, age, sex, symptoms, application time after aspiration (early: patients presented within 24 h, late: patients presented after 24 h), predisposing factors, presence of radiological symptoms, endoscopic methods used in foreign body removal, removed foreign bodies, patients in whom the procedure failed and underwent surgery, and the data required for control bronchoscopy after foreign body removal were analyzed.
Statistical Analysis
For statistical analysis, descriptive statistics in Statistical Package for the Social Sciences (SPSS, Chicago, IL, USA) 16.0 program were used.
RESULTS
In the study, 18 of 28 patients (64.3%) were females, and the average age was 43.5±21.54 years (age range 15-84). In the anamnesis of all cases, there was foreign body aspiration history. The history of aspiration was personally taken from all patients, except one with schizophrenia. The symptoms and other characteristics of the patients during admission are shown in Table 1 . The most common symptom was coughing with 96.3%. Half of the patients were admitted to the hospital in the first 24 h of aspiration and were intervened. Predisposing factors for aspiration were detected in four patients (three patients had aspirated tracheostomized and speech cannula piece, one patient had been receiving treatment for a long time because of schizophrenia). On radiological imaging, nine patients (32.1%) with atelectasis, nine (32.1%) with pneumonic infiltration, and five (17.8%) with unilateral hyperaeration were detected. In 15 (53.5%) patients, the aspirated radiopaque foreign body was detected using imaging methods.
Diagnostic flexible bronchoscopy because of foreign body aspiration was performed in 3 of 5 patients, and foreign bodies were successfully obtained with flexible bronchoscopy. The foreign bodies extracted from these three patients were needles. Rigid bronchoscopy had to be performed on two patients in order for foreign body removal. The aspirated foreign bodies that could not be removed by flexible bronchoscopy were a peanut in one case and speech device piece in the other patient. Rigid bronchoscopy was performed for a total of 25 cases. In all patients who underwent rigid bronchoscopy, detailed evaluation of the distal airways during operation, secretion clearance, and in some cases, a flexible bronchoscope passing through a rigid tube for cryotherapy administration were performed (Table 1 ) (Figure 1-3 ).
The localization of aspirated foreign bodies in the airway is shown in Table 2 . The foreign bodies were detected in the right bronchial system in 14 patients, in the left bronchial in 13 patients, and in the trachea in one patient. Nine of aspirated foreign bodies (32.1%) were organic and 19 (67.9%) were inorganic substances ( Table 3 ). The most common aspirated foreign body was a needle (in eight patients, 32%). All eight patients who aspirated needles were female, and in six (21.4%) of these patients, the needle that was aspirated was used to attach their headscarves. The foreign bodies were successfully removed from the airway with flexible and rigid bronchoscopy in 25 patients (89.3%). No mortality and complications were observed in patients who underwent bronchoscopy.
On bronchoscopic examination, in three patients who aspirated needles, no foreign body was detected in the airways, and all these patients underwent both rigid and flexible bronchoscopy. In these three patients, because foreign bodies could not be removed by bronchoscopy, they were removed in thoracic surgical operations. In three patients (10.7%), foreign body-induced granulation tissue was present in the airway, and these patients underwent flexible bronchoscopy with cryotherapy for two sessions. Complete regression was observed in the granulation tissue in all three patients. Because of the development of bronchiectasis and destruction of parenchyma in the right lower lobe, right lower lobectomy had to be performed in one case.
DISCUSSION
Bronchoscopic methods used in the evaluation of the tracheobronchial tree have been used for decades to treat foreign body aspiration in the airways. The treatment with flexible and rigid bronchoscopic interventions of foreign body aspiration, which causes morbidity and mortality, maintains its importance and is widely used today. In our study, in the Interventional Pulmonology Unit, foreign bodies were successfully removed in 89.3% of patients who underwent bronchoscopy for foreign body aspiration.
Foreign body aspiration occurs more frequently in childhood than in adulthood. Seven percent of deaths due to accidents among children under the age of four are reported to be induced by foreign body aspiration (5). Because our hospital serves adults, all the patients presented in our study were older than 15. In adulthood, on the other hand, many predisposing factors for foreign body aspiration have been identified. The most important risk factors are neurological and neuromuscular diseases, psychiatric disorders, alcohol abuse, head trauma, use of drugs causing brain fog, and use of audio prosthetic devices (3). In our study, except for three tracheostomized patients who aspirated audio prosthetic device part was aspirated and one patient treated for schizophrenia, no risk factors were observed for aspiration.
It is reported in literature that foreign body aspiration occurs more frequently in men than in women (6, 7). However, unlike literature, in our study, foreign body aspiration was higher in women. The reason is that needles are widely used to attach headscarves in our country. The higher rate among women in publications in our country also supports this situation (8, 9) . In our study, all eight patients who aspirated needles were female, and these patients used the needles to attach their headscarves.
Aspirated foreign bodies in adults are usually lodged in the distal airways and can cause nonspecific symptoms that may be confused with other diseases before asphyxia occurs. This situation leads to delays in diagnosis, especially in patients where a history of aspiration cannot be taken. In our study, 50% of the patients were admitted to the hospital after the first 24 h of the aspiration. In previous studies, up to 15 months of delay between the development of symptoms and diagnosis of aspiration was reported (4). In our study, the patient with the longest period before the detection of foreign body aspiration was four years, and the patient had lobectomy because of the development of bronchiectasis. Because of a history of aspiration, this patient underwent flexible bronchoscopy four years ago. However, because of the granulation tissue growing around the foreign body, the foreign body could not be detected in the bronchoscopic examination, and a biopsy specimen was taken from the granulation tissue. After that stage, patient follow-up was stopped, and when the patient was readmitted because of recurrent pulmonary infections, foreign bodies were detected after rigid bronchoscopic examinations.
Aspirated foreign bodies are classified as organic and inorganic substances. Aspirated foreign objects differ according to age, gender, profession, cultural life, socio-economic status, and diet. Whereas inorganic body aspiration is more frequently seen in adults, organic body aspiration is more common in unindustrialized countries (9) (10) (11) . Inorganic body aspiration was found in 64% of our adult patients. Among these, the most common aspirated foreign bodies were needles.
Because of the anatomical features of the bronchial tree, foreign body aspiration is more frequently seen in the right bronchial system Piece of a plastic object 2 8
*In three patients with aspirated pin, the foreign bodies were removed through operation by the department of thoracic surgery because they could not been reached via bronchoscopy. Therefore, these three patients were not included in the table 8, 11 ). The reason for this location is that the right main bronchus is wider and shorter and has more vertical localization than the left main bronchus (9) . In our study, it was reported that 50.1% of aspirated foreign bodies were in the right bronchial system, 46.5% were in the left bronchial system, and 3.6% were in the trachea.
Bronchoscopic procedure is the gold standard method for the diagnosis and treatment of foreign body aspiration (12, 13) . Despite the progress in bronchoscopic techniques in recent years, the removal of foreign bodies from the airway by rigid bronchoscopy is still widely used (5, 14) . Recently, a growing number of studies on the use of flexible bronchoscopy in the treatment of foreign body aspiration are being published (3, 4, 12) . The success rate with rigid bronchoscopy in the treatment of foreign body aspiration is reported to be 95%, whereas with flexible bronchoscopy, it is between 82.5% and 98% (3, 4, 12, 15, 16) . Both methods are used in the removal of foreign bodies in carefully selected cases despite their advantages and disadvantages. While flexible bronchoscopy is a more acceptable method for patients because it does not require general anesthesia, can be performed under conscious sedation, and does not cause complications such as teeth, vocal cord, and bronchial wall damage, rigid bronchoscopy is more commonly preferred because it provides a larger operation site for foreign body removal, secretion and safer aspiration of blood residue, and the continuation of ventilation during the procedure.
Experience with rigid bronchoscopy methods commonly used in the treatment of foreign body aspiration is usually limited for thoracic and pediatric surgeons. Before the widespread use of flexible bronchoscopy, although rigid bronchoscopy was frequently used in pulmonology bronchoscopy, rigid bronchoscopy is now used in very few health centers by pulmonologists. Although initial evaluations of the patients with foreign body aspiration in the emergency services are mostly performed by pulmonologists, immediate treatment may be insufficient because of inexperience in performing rigid bronchoscopy. Although flexible bronchoscopy methods for the treatment of foreign body aspiration can be performed in centers where rigid bronchoscopy use is not possible, foreign body removal may not be possible at all times, and sufficient experience is also necessary in this regard. Rodrigues et al. (12) reported in their study that in 15% of patients, aspirated foreign bodies could not be removed with flexible bronchoscopy, and therefore, rigid bronchoscopy had to be performed. Dong et al. (4) stated that they had been unsuccessful with flexible bronchoscopy in removing foreign bodies in 3.5% of cases and had to perform surgical intervention. The authors stated that in the cases they failed, the foreign bodies had been in the airway for more than a month, and severe hemoptysis with granulation tissue formation was observed in these patients. For the treatment of foreign body aspiration with flexible bronchoscopy, careful selection of patients is important. Especially in the early stage, for patients where the foreign body in the airway is not organized, with no granulation tissue and parenchymal damage symptoms, performing flexible bronchoscopic interventions by experienced hands may be considered as a priority. It is vital to have experience in both rigid and flexible bronchoscopies for physicians who encounter this group of patients. In our unit, these procedures can be performed by a trained and experienced team on rigid and flexible bronchoscopy. Our tendency is to perform rigid bronchoscopy in foreign body aspiration process. It is possible to carefully evaluate distal airways with flexible bronchoscopy through a rigid bronchoscopy. In our study, in three of our patients, foreign bodies were successfully removed with flexible bronchoscopy, and rigid bronchoscopy was performed on all other cases. In 89.3% of patients, the aspirated body was successfully removed by bronchoscopic intervention, and procedure-related mortality was not observed. Only three patients had to be operated because foreign bodies could not be removed by bronchoscopic intervention.
Postobstructive pneumonia secondary to foreign body, lung abscess, bronchiectasis, and granulation tissue formation can be seen especially in adult patients because of the large number of cases with late admission. Performing rigid bronchoscopy in these cases a provides safe aspiration of secretions and residual bleeding and an opportunity to operate granulation tissue formed around the foreign body with hot and cold endobronchial methods (argon plasma coagulation, laser, cryotherapy) (17, 18) . In our three patients, foreign body secondary to granulation tissue formation in the airway was detected, and complete regression from granulation tissue was obtained with cryotherapy.
The main limitation of our study was the small number of cases. Despite foreign body aspiration being more frequent in childhood, the data presented in our study cover only adult patients. In addition, the patient data were retrospectively obtained from files, and predisposing factors for aspiration were detected in only four patients (aspiration of tracheostomy and speech cannula in three patients, schizophrenia in one patient). Detailed findings for other probable predisposing factors could not be obtained in the patient files.
CONCLUSION
Bronchoscopic procedures for the diagnosis and treatment of foreign body aspiration in adult patients are effective in reducing mortality and morbidity. Operations using rigid bronchoscopy should be the first method in foreign body aspiration. However, flexible bronchoscopy can also be used if it is performed by experienced hands and in well-selected patients for the treatment of foreign body aspiration.
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